Introduction
The control of the core-shell structure at the nanometer is one of the most fundamental challenges in condensed matter science [Deville et [Yec et al., 2012] , has been known to facilitate oxidation reactions in the bulk material, which may allow it to be a cost effective substitute for noble metals in various catalytic systems. With recent developments in nanostructures synthesis leading to the ability to control size, reproducibility and structural complexity [Lauhon et al., 2002; Fan et al., 2006; Lu et al., 2005] , it becomes worthwhile and possibly paramount to define specific target structures for the nanoparticles based on an understanding of the mechanism of the self-organization mechanism. Upto now, many complex procedures, such as vapor-liquid-solid, chemical vapor deposition, thermal evaporation, and chemical reactions, have been developed for the synthesis of one-dimensional materials of Copper-based nano compounds [Huang et al., 2012; Hong et al., 2011; Yao et al., 2010] . In addition to these methods, solution chemical route including solvothermal, hydrothermal, self-assembly, and template-assisted chemical vapor deposition has become a promising option for large -scale production of nanomaterials, due to the simple, fast, and less expensive virtues ]. However, a new type of immersing nanoparticles into liquid alcohol to form core-shell nanowires at room temperature has been difficult, primarily because control of nucleation and growth is still a challenge.
In the present work, we report on a simple method for bottom-up fabrication by means of template-free growth of high density Cu 2 O/CuO core/shell nanowires. These can be spontaneously self-assembled by the oxidation of ultra-small copper nanoparticles simply immersed in ethyl alcohol. This leads to the formation of Cu 2 O/CuO core/shell nanowires. Then nanosized growth effects of these nanowires are observed experimentally. We find that the formation of nanowires may be far more due to chemical reactions than previously realized.
Synthesis method
The initial Cu nanoparticles used as a precursor in the synthesis of Cu 2 O/CuO core/shell nanowires, are fabricated by employing the gas condensation method, as shown in Fig. 1 . High purity Cu ingots (~ 0.5 g, 99.999% pure and 3 mm in diameter) are heated by a current source of 90 A. They are evaporated at a rate of 0.01 Å/s in an Ar pressure of 0.1 Torr. The evaporated Cu nanoparticles are collected on a non-magnetic quartz plates (1 cm x 1 cm), maintained at liquid nitrogen temperature. After restoration to room temperature, the nanoparticles, which are only loosely attracted to the collector, are stripped off. The resultant samples were in the form of dried powder, consisting of a macroscopic amount of individual Cu nanoparticles. The combined effect of high gas flow rate, low deposition pressure and relatively low substrate temperature resulted in the deposition of copper nanoparticles. The moving Cu nanoparticles were washed and stripped off from quartz plates using ethyl alcohol(99.5%) in argon gas environment (chemical hood), as shown in Fig. 2 (a). They were then kept in a glass container and in a sealed quartz capillary ( Fig. 2(b) and 2(c) for few days) for in situ x-ray scattering examination. The sample is apparently not sensitive to being exposed to air for a short period of time, which is supported by the fact that the x-ray diffraction patterns of the as-grown sample and sample exposed to air for few hours are indistinguishable. However, the sample used in the study is kept in glass container with liquid alcohol. The main key method for sample syntheses in this study was that the ethyl alcohol solution-phase was important tofostering spontaneous growth of Cu nanoparticles which then led to the formation of Cu 2 O/CuO core/shell nanowires at room temperature. In general, metal-oxide nanowires can be synthesized using a solid-state method involving high temperature oxidation of the metal [Cheng et al., 2007; Devan et al., 2008] and a solution-phase under hydrothermal conditions [Tan et al., 2007] . However, a typical reaction requires very high temperature or pressure and therefore would seem to be incompatible with our system [Yang et al., 1998 ]. Copper oxide nanoparticles in a limited size range have been prepared with other techniques using chemical routes, and some of these techniques have resulted in alimited growth of rodlikenanocrystals reported by Fang group [Fang et al., 2004] . Ethyl alcohol (CH 3 -CH 2 OH)is chosen as the reactive solution for the spontaneous organization method, because of its dipole moment (1.684 Debye), which is comparable to that of water (1.69 Debye), and its polar character, which allows the formation of Cu 2 O/CuO core/shell nanowires with an alcohol bridge. In the presence of a rich OH tion can be drastically accelerated. This procedure has been reported by Tello and coauthors [Tello et al., 2003 ] for the oxidation of p-silicon in water and ethyl alcohol. They demonstrated that local oxidation in liquid ethyl alcohol environments is different from that in aqueous solutions, with a significant improvement in the growth rate. The Liu group [Liu et al., 2009 ] also reported that the dosage rate can influence the morphologies of Cu 2 O, so that the shape of the nanostructures can be controlled through adjusting the reduction rate of Cu 2+ ions. In this study, Cu 2+ ions are released continuously from the cooper nanoparticles into the ethyl alcohol under ambient conditions. These can be immediately captured through coordination with OH -, to form Cu(OH) 2 . After 4-days (D=4) of immersion, the Cu(OH) 2 loses water and CuO or Cu 2 O is formed by the release of O 2 . The resultant copper-based phases can be either cuprous oxide or cuprite oxide depending on the temperature and surrounding environment. At room temperature, however, the cuprous phase is the dominant product of oxidation. The cuprous surface can be terminated by a few mono layers of cuprite oxide product (crystalline or amorphous phase) at the solution interface, forming Cu 2 O/CuO core-shell nanowires. The prepared samples were mounted in a capillary rotor sample holder and the process of the formation of nanowires was systematically studied using an in situ x-ray diffractometer (Philips X'Pert PRO)with CuK α radiation (λ=1.541 Å) at times ranging from one to seven days. The morphology of sample was characterized by a field emission scanning electron microscope (FE-SEM, JEOL JSM-6500F) equipped with anenergy dispersive x-ray spectroscope (EDS, Oxford Instrument INCAx-sight 7557). Atomic-resolution transmission electron microscopic (TEM) analysisand high-resolution transmission electron microscopy (HRTEM) images were taken with the CCD-camera of an electron microscope (JEOL JEM-2100) at 200 kV. Analysis software (Digital Micrograph) was employed to digitalize and analyze the obtained images. 
Results and discussion
The in situ x-ray diffraction patterns at various time periods were shown in Fig. 3 . As indicated on the bottom of Fig. 3 , there are three nuclear peaks at the {1 1 1}, {2 0 0} and {2 2 0} positions, as indexed based on a cubic Cu -Fm-3m structure, with a lattice expansion of ~1.5 % compare with Cu bulk. According to the Scherrer diffraction formula, the average size of initial Cu nanoparticles can be described as:
where <d> is the mean size, λ (=1.541 Å) is the incident x-ray and Δ2θ B is FWHM at the scattering angle of 2θ B .The obtained mean size of Cu nanoparticles is <d>=5.4 nm, estimating from these peaks in the diffraction pattern. After immersion in an ethyl alcohol solution four days, we observe a significant broader peak around 2θ=36°, which is associated with the Cu 2 O structure of the Miller index {1 1 1}, and exhibits the coexistence of core/shell nanocrystals. This may be understood by assuming the existence of the Cu 2 O phase near the surface, with the oxidation contribution coming from the Cu atoms in the core. The pattern in the upper part of Fig. 3 should contain, in principle, contributions from the Cu 2 O phase, after 7-days (D=7) of immersion. X-ray diffraction patterns are known as the fingerprints of crystalline materials. They reveal details of the crystalline structure and their formation during synthesis, and even the crystalline phase transitions or separation at various temperatures. An example of x-ray and Rietveld refined diffraction patterns of the sample, taken at D=7, is shown in Fig. 4 . Diffraction patterns were utilized to characterize the crystalline structure in the prepared samples. The diffraction peaks appeared to be much broader than the instrumental resolution, reflecting the nano-size effects. The analysis was performed using the program package of the General Structure Analysis System (GSAS) [Larson et al., 1990 ] following the Rietveld method [Rietveld, 1969] . Several models with different symmetries were assumed during the preliminary analysis. In our structural analysis we then pay special attention to searching for the possible symmetries that candescribe the observed diffraction pattern well. All the structural and lattice parameters were allowed to vary simultaneously, and refining processes were carried out until R p , the weighted R wp factor, differed by less than one part in a thousand within two successive cycles. Figure 4 shows the diffraction pattern (red crosses) taken at room temperature, where the solid curve (green curve) indicates the fitted pattern and the difference (pink curve) between the observed and the fitted patterns is plotted at the bottom of Fig. 4 The morphology of selected samples at D=1, 4 and 7, was characterized by FE-SEM, as shown in Figs. 5(a) to (c). As can be seen in Fig. 5(a) , it is clearly evident that the nanoparticles are spherical and stick together due to an electrostatic effect as well as an artifact of the drying of aqueous suspensions. It can be seen that the Cu 2 O/CuO nanowires grew homogeneously in a large area to form straight nanowires, as shown in Fig. 5(b) . The diameters ranged from 100-500 nm and the lengths were up to several tens of microns. As can be seen in Fig. 5(c) , the Cu 2 O/CuO core-shell nanowires are long and straight, ranging from tens of micrometers to more than a hundred micrometers. The growth of the nanowires is clear. An evaluation of the diameter distribution can be obtained and calculated from a portion of the SEM image, as shown in the Figs. 5(d) to 5(f). They are quite asymmetric and can be described using a log-normal distribution function defined as follows:
where <d> is the mean value and σ is the standard deviation of the function. The mean diameters and standard deviations for the nanowires obtained from the fits are <d>=201(5) to 225(5) nm, σ=0.42 and 0.31 nm at D=4 and 7, indicating increasing diameter as the reaction time increases. The small standard deviation (σ< 0.5) of the function indicates that the distribution is confined to a limited range. It can be seen that the width of the distribution profile broadens due to the crystalline structure. The stability of growth during the formation of core-shell nanowires is confirmed by examination of the SEM images even at D=240 (not shown). This result indicates that increasing the reaction time by immersion in ethyl alcohol cannot make the growth of diameter of the Cu 2 O core more intensive, due to the termination of amorphous CuO at D=7. The results of an early study (x-ray patterns) show that the prepared core-shell nanowires are crystalline. We further characterized the structure of sample using TEM microscopy. [Phillies, 1974] results for the intermediate state of pearl necklace-like aggregates. In the MC simulation gives the formation of nanowires involves a process where Au nanoparticles could self-assemble into chain-like intermediate states then recrystallize into one-dimensional nanowire. The dipole-dipole-interaction in the Cu 2 O nanoparticles is strong and long-range, leading to the formation of the pearl necklace-like nanostructures. A significant surface CuO layer (a few nms in thickness) was observed, indicating the existence of an amorphous CuO shell. In order to determine the amorphous CuO and the surface characteristics of the core-shell nanowires, we have utilized XANES technique to examine the existence of surface CuO thickness, simulating through an intensity ratio of Cu 2 O-core and CuO-shell by using a proposed core-shell nanowire model.
For a cylindrically multilayered structure without consider the effect of diameter distribution. An electron being photoionized into the surface CuO has a probability of escaping through the surface without suffering any inelastic processes. Therefore, it can be detected as a photoelectron. In generally, the probability is conveniently expressed in terms of the mean free path for surface layer λ CuO and core λ Cu2O , respectively. The intensity of ionized electron is proportional to I o exp(-f/λ), where f is the distance between the surface and the point of origin of the photoelectron, I o is the normalization constant depends on the nano-crystals. Thus, integrating the portion of contribution intensity over the cylindrical volume, then we can easily obtain the total intensity from each of the two regions of the nanocrystals. The total intensity from each region in terms of cylindrical polar coordinates can be expressed as [Nanda et al., 1999 ]:
where L is the length of the nanowire, λ is the mean free path of the photoionized electron,R 1 is the radius of the core, R 2 is the radius including the surface layer. The distance between the surface and the point of origin of the photoelectron then can be schematically plotted in Fig. 7 and defined as: ( , , ) (
The mean free paths of λ CuO and λ Cu2O used in this study are obtained from previous reports [36] . The mean free paths of λ CuO and λ Cu2O used in the simulation are defined as 
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In order to clarify the contribution from Cu 2 O-or CuO-intensity, we have defined a theoretical integrated intensity ratio γ taken as:
The above ratio cannot be evaluated analytically, and we can compute numerically by varying these parameters of R 1 and R 2 , respectively, to match the experimental integrated intensity ratio of γ=I Cu2O /I CuO . The electronic geometric structure around Cu in the as-synthesized material was characterized with X-ray absorption near edges(XANES) measurements. XANES spectroscopy of Cu L 2,3 -edge was performed using the 6-m HSGM beam-line (BL20A1) of the National Synchrotron Radiation Research Center in Hsinchu, Taiwan. The recorded spectra were corrected for the energy dependent incident photon intensity as well as for self-absorption effects and normalized to the tabulated standard absorption cross sections in the energy range of 900-1020 eV for the Cu L-edge. The radiation was monochromatized using a 6m SGM monochromator and the photon energy was calibrated by measuring X-ray absorption spectrum of Cu metal foil by using the Cu L 3 white line. Figure  8 shows XANES spectra of as-synthesized material and copper based references such as 
Conclusion
A new type of spontaneous organization method was successfully utilized to grow Cu 2 O/CuO core/shell nanowires by immersing copper nanoparticles into liquid alcohol at room temperature. The microstructure of the nanowires during the nucleation and growth process from CuO nanoparticles into Cu 2 O/CuO core-shell nanowires can be examined using time dependent in situ x-ray diffraction, SEM, and TEM. We show that the reactions of Cu nanoparticles oxide to form Cu 2 O/CuO core-shell nanowires can occur at room temperature with unusually fast reaction rates. An intermediate state of pearl necklace-like aggregates formed by a chain-like configuration of Cu 2 O nanoparticles was observed which then intertwined to form the nanowires. The results agreed with the prediction of NVT Monte Carlo simulation [Phillies, 1974] . A significant thin surface layer was observed on Cu 2 O nanowires, indicating the existence of an amorphous CuO shell, as also confirmed by the xray absorption near-edge structure technique.
